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Abstract Laparoscopic gastrectomy (LG) is a safe alternative compared to open gastrectomy for cancer. To increase
the uptake of minimally invasive approaches and facilitate their analysis and improvement a stepwise approach is
warranted. This study describes our technique and experiences total laparoscopic gastrectomy (TLG) with jejunal
pouch reconstruction for gastric cancer. Technical modifications throughout the years were described. In patients with
anastomotic leakage, the CT-scan and reoperation report were reviewed to identify the location and cause of the
leak. A total of 47 patients who underwent laparoscopic total gastrectomy with extracorporeal jejunal pouch recon-
struction and stapled circular esophagojejunostomy from May 2007 to August 2015 were prospectively analyzed. A
stepwise approach of 10 steps was designed based on video and case analysis. Median operation time was 301
(148–454) minutes and median blood loss was 300 (30–900) milliliters. Anastomotic leakage occurred in six
(12.8 %) patients; additionally, one (2.12 %) jejunal-pouch staple line leak was identified. An important modification
in our technique was a purse-string suture around the anvil of the circular stapler to prevent esophageal mucosa to
slip away. After this modification, the leakage rate was reduced to 7 % in the last 15 procedures. In conclusion,
TLG with jejunal pouch reconstruction is a feasible procedure in a selected group of patients. Our stepwise approach
and technique may help surgeons to introduce jejunal pouch reconstruction during laparoscopic gastrectomy in their
center.
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Gastric cancer
Introduction
Gastric cancer (GC) is the fifth most common malignan-
cy worldwide, and the third leading cause of cancer-
related death.1
,2 In the era of improved outcomes with
a multidisciplinary approach, surgery continues to be the
cornerstone of treatment.3 Minimally invasive gastrecto-
my (MIG) has been proven to be a safe alternative in
Distal Gastrectomies (DG),4
–8 showing decreased length
of stay, less perioperative complications, less bleeding at
the cost of increased operating room (OR) time. The
safety of total laparoscopic gastrectomies (TLG) has al-
so been studied recently by our group and others,9
–11
with similar advantages to those of DG. We have
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previously reported on our experience on MIG for ad-
vanced GC and CDH1 mutations.11
,12 The long-term
oncologic outcomes and results from randomized trials
are awaited for LGT.13
–17
Traditionally, a Roux-en-Y esophagojejunostomy is
performed to reconstruct the alimentary tract after
TLG. Complaints of reflux, weight loss, and dumping
syndrome are reported frequently after this major
surgery.18 There are many techniques to create a gastric
reservoir,19 the jejunal pouch being the most common.19
A jejunal pouch reduces some postoperative symptoms,
has less postoperative weight-loss, and although data is
limited, it also improves the quality of life on a the
long-term basis.19
–21 However, only 17 % of surgeons
perform a jejunal pouch reconstruction during total
gastrectomy.22
The description of a procedure in a step-wise ap-
proach has been used by many groups as a way of
standardizing the technique and facilitate learning by
other surgeons, fellows, or residents.23
–26 To further in-
crease the uptake of TLG with jejunal pouch reconstruc-
tion, our objective was to describe a clear and thorough
stepwise approach to TLG with jejunal pouch recon-
struction and report our experience.
Materials and Methods
A consensus meeting was held for technique standardi-
zation of the LTG with pouch reconstruction in a step-
wise fashion. A total of 10 steps were identified. A
clear description of the steps was made and approved
by all the authors. Based on these steps, a didactic
video was created (supplement).
From May 2007 to August 2015 all patients in the
University Medical Center Utrecht who underwent LTG
with jejunal pouch reconstruction for GC with curative
intent were included. All patients were discussed in a
multidisciplinary team meeting, prior to treatment, that
included surgical oncologist, medical oncologists, radia-
tion oncologists, gastroenterologist, radiologists, geneti-
cists, and nutritionists. Patients’ baseline characteristics,
intraoperative and postoperative data were collected in a
prospectively maintained database. Complications were
graded according to the Clavien-Dindo classification.27
Institutional Review Board approval was obtained and
informed consent requirement was waived.
All statistical analyses were performed with SPSS
21.0 software (SPSS, Chicago, IL, USA). In the learn-
ing curve groups, categorical variables were compared
with the Fisher’s exact test and continuous variables
were analyzed with the Mann-Whitney U test.
Procedure
Step 1: Port Placement and General Inspection
The patient is placed in supine position, with both arms
straight against the torso. For port placement, a line is drawn
from the umbilicus to the xiphoid, which is divided into three
equal parts. The 10-mm camera port is then put at the level of
the caudal third part, 2–4 cm from the midline, and the open
Hasson technique is performed to establish pneumoperitone-
um (Fig. 1).
On the contralateral side, at the same level, 3–4 cm from
the midline a 12-mm working port is introduced under direct
vision. At this time, a diagnostic laparoscopy is performed to
rule out metastatic disease.
From this point on, two 5-mm working trocars are placed
bilaterally at the subcostal level and the mid-clavicular lines.
Finally, a 12 mm port is introduced at the right flank and used
for liver retraction with the Endo Paddle Retract™
(Medtronic, Minneapolis, USA).
Step 2: Division of Hepatogastric Ligament
The Endo Paddle Retract™ (Medtronic, Minneapolis, USA)
is placed underneath the left liver lobe. We use the Endo
Paddle Retract™ as it also helps us further up in the
Fig. 1 Port Placements
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procedure, when the stomach is lifted up for retrogastric re-
section. Initially, the assistant retracts the stomach caudally,
and the surgeon divides the hepatogastric ligament. The line
of transection is below the left lobe of the liver and on top of
the caudate lobe. After the hepatogastric ligament is divided,
and if adequate retraction is maintained, the right crus and its
white line can be visualized by the surgeon, and the dissection
is continued perpendicular until the esophageal hiatus.
Step 3: Division of Gastro-Colic Omentum and Short
Gastric Vessels
The patient is positioned in a slight reverse Trendelenburg,
which allows the transverse colon to descend. An entry point
to the lesser sac is identified; usually it is easier to start towards
the left side of the patient. We stay on top of the transverse
colon, with care not to injure the transverse mesocolon vascu-
lature. The omentum is not divided en bloc, as we experienced
that the bulk of the omentum connected to the stomach made
the exposure for gastric mobilization more difficult. Thus, the
omentum is resected at a later stage.
The dissection is continued towards the left upper quadrant.
The surgeon’s left hand retracts the stomach towards the pa-
tients right lower quadrant, and the assistant retracts the
mesocolon caudally. After dissection along the splenic flex-
ure, a Btunnel vision^ is established demonstrating the route
under the short gastric vessels, with important landmarks: the
posterior gastric wall at the left side, the spleen at the right
side, and the retroperitoneum with the splenic artery vein and
pancreas hilum at the dorsal side. The short gastric vessels are
divided cautiously with the use of an energy device. The dis-
section is continued until the angle of His and the left crus. It is
very helpful to create space between the spleen and stomach
by dividing the retrogastric adhesions first. The lymph nodes
along the greater curvature (stations 4sa, 4sd and 4b) are left
en bloc with the specimen.
Step 4: Division of Left Gastric
The gastrocolic omentum that is connected to the stomach
after dissection of the gastrocolic ligament, is flipped anteri-
orly between the stomach and the liver. The Endo Paddle
Retract™ (Medtronic, Minneapolis, USA) is then placed un-
derneath the stomach to retract it upwards. At this point the
pedicle of the left gastric artery and the hepatic artery node
(station 8) are clearly visible. In the background, the caudate
lobe and vena cava are seen. The assistant may retract the
stomach and pedicle of the left gastric artery upwards through
the window underneath the stomach at the level of the caudate
lobe. The surgeon starts the dissection proximal to the station
8 node and continues towards the left gastric artery pedicle
(station 7). Usually the left gastric vein is encountered first and
divided with the coagulating device. During further dissection
at this level more cranially the artery is found, which is ligated
with Hem-o-lock® clips (Teleflex, Morrisville, USA).
Step 5: Celiac Trunk and Splenic Artery
Lymphadenectomy
After completing step 4, the surgeon continues further poste-
riorly to harvest the celiac node (station 9), and continues on
the superior border of the splenic artery to obtain the splenic
nodes (stations 11p and 11d). This step must be done with
great care, as the splenic artery coils along its trajectory and
can be easily injured. In about 62 %, a posterior gastric artery
is present between the splenic artery and the posterior gastric
wall, which can be divided by coagulation.28 Additionally, if it
is an upper third tumor involving the greater curvature, the
chance of lymph node involvement is around 9–20 %, and
therefore lymphadenectomy of station 10 is indicated, other-
wise it is not necessary to do so. There is no benefit for routine
splenectomy during D2 dissections, and on the contrary there
is evidence of increased morbidity.29
–33
Step 6: Common Hepatic Lymphadenectomy and Right
Gastric Ligation
The stomach is placed again in its natural position, and
retracted downwards. The Endo Paddle Retract™
(Medtronic, Minneapolis, USA), is placed under the liver
again. The previously identified hepatic artery node (station
8) is found, following the superior border of the common
hepatic the origin of the gastroduodenal artery and proper
hepatic will be found. The dissection is continued towards
the anterior aspect of the hepatoduodenal ligament to harvest
station 12a nodes. Subsequently the origin of the right gastric
artery is identified, and the vessel is ligated and divided.
Step 7: Hiatal Dissection
The dissection plane along the right crus (step 2) is found
again and restarted posteriorly towards the left crus until the
aorta is visualized, then continued at last finalized on the an-
terior aspect. The pericardial lymph nodes (stations 1 and 2)
are dissected en bloc with the specimen. Now the only remain-
ing attachments of the stomach should be the esophagus and
duodenum and its tributaries.
Step 8: Duodenal Dissection and Gastric Resection
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The remaining gastrocolic omentum, located towards the du-
odenum, is resected. During this step, the right gastroepiploic
pedicle is visualized, dissected, and ligated with the use of
Hem-o-locks®. The inferior and superior border of the duode-
num is cleared en bloc with the inferior and superior pyloric
nodes (station 5 and 6), and a retroduodenal passage is created
to allow passage of the stapler. Much care should be taken not
to thermally damage the thin duodenal wall at this level during
station 5, 6 dissection with a coagulation device.
The pylorus is identified and the duodenum is transected 1–
2 cm distal to it, we prefer to use the Endo-GIA Purple Tri-
staplers™ (Medtronic, Minneapolis, USA) to create a secure
sealing of the duodenal bulb. Before firing the stapler, the
surgeon should always verify that the nasogastric or
nasojejunal (feeding) tube has been removed.
The stomach is then retracted caudally, and just above the
site of the future proximal transection, two stay sutures are
placed, one on each side of the esophagus. These are placed
to avoid retraction of the esophageal stump into the thorax and
control the stump during the anastomosis. With suturing, the
camera is placed in the opposite 12-mm port at the right side of
the patient switching with the needle driver to allow for suffi-
cient space and angulation during suturing. Again an Endo-
GIA Purple Tri-stapler™ (Medtronic, Minneapolis, USA) is
used to divide the esophagus or the proximal stomach.
Step 9: Frozen section and Greater Omentectomy
Amuscle sparing transverse incision of 3–5 cm is made at the
level of the 10 mm camera port and an Endopath Dextrus™
(Ethicon, Cincinnati, USA) is inserted in order to extract the
stomach through it. This Dextrus allows temporarily closure
of the wound with a seal to continue the laparoscopic proce-
dure. The specimen is sent for a frozen section of both mar-
gins, as recommended by many authors and guidelines.34
–36
In the meantime, we proceed by completing the greater
omentectomy. The omentum is retracted cephallad, and
resected initially from the right side of the patient from the
transverse colon, and then we proceed towards the patient’s
left.
Following the current American guidelines on oncologic
gastric resection, an omentectomy is performed in all cases.37
Although some papers and guidelines argue that omentectomy
can be omitted in early gastric cancer,34
,38 we have found it
can harbor lymph nodes or milky spots in up to 18 % of the
patients, and if microscopic tumor deposits in the omentum
are seen in the pathology report, these patients will develop
overt peritoneal carcinomatosis.39
Step 10: Reconstruction
The camera port is now inserted in the Dextrus port. Once
tumor involvement of the proximal transection line has been
ruled out, a 25-mm OrVil™ anvil connected to a gastric tube
(Medtronic, Minneapolis, USA) is passed trans-orally. The
tube is pushed into the distal esophageal stump. Once it has
been visualized, the esophagus is incised with the cautery and
the OrVil™ (Medtronic, Minneapolis, USA) tube is extracted
through the right 12 mm port until the Anvil itself is seen. The
suture is cut to un-tilt the Anvil, and the tube is disconnected
from it. A purse-string suture (Mersilene 3-0) is placed around
the anvil to secure it, and to prevent the retraction of the
esophageal mucosa, increasing the possibility of obtaining
complete donuts during the anastomosis. We use suture mate-
rial with a different color, so the purse-string suture is not
confused with the stay sutures.
Then the ligament of Treitz is identified and 20–30 cm
from it a loop of jejunal bowel is selected that is freely mobile
and able to reach the site of the future Esophago-Jejunal
Anastomosis (EJA). This bowel loop is extracted through
the Endopath Dextrus™ (Ethicon, Cincinnati, USA), and the
bowel is divided with the GIA Stapler™ (Medtronic,
Minneapolis, USA). We favor the use of the 100-mm stapler
size, as it is the same one we use for the creation of the jejunal
pouch and its use reduces costs.
Once the jejunum is divided, we proceed with the extracor-
poreal creation of the jejunal pouch (Fig. 2), which is made at
the site of the already divided distal jejunum. The length of the
pouch is approximately 10 cm, for which we use the 100 mm
GIA Stapler™ (Medtronic, Minneapolis, USA). The bowel is
folded upon itself, an enterostomy is performed on both sides
of the future pouch, and then the stapler is fired to create the
pouch. The enterostomy is closed with 3-0 PDS (Ethicon,
Cincinnati, USA).
Next, the Roux-Y jejuno-jejunostomy is created with
a side-to-side hand-sewn anastomosis of a 2 cm
Fig. 2 Jejunal pouch; esophagojejunostomy (1) dudodenal stump (2)
jejunal J-pouch of 10 cm (3), blind limb (4), Roux-limb of 50 cm (5),
and jejunojejunostomy (6)
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diameter with a continuous 3-0 PDS (Ethicon,
Cincinnati, USA), approximately 40–50 cm from the
site of the future EJA.
We place two stay sutures on the blind limb of the jejunal
pouch, and then proceed to remove the staple line of this blind
limb, the circular Orvil™ stapler will be introduced through it.
These stay sutures enabled us to give counter traction on the
jejunal pouch in order to facilitate correct placement of the
stapler.
We then put all bowel back inside the patient’s abdo-
men, close the Endopath Dextrus™ (Ethicon, Cincinnati,
USA) around the circular staple, and proceed to create an
ante-colic EJA laparoscopically. At this point, it is im-
portant to make sure that the orange-colored base of the
pin at the stapler is completely exposed and stabilize the
base of the anvil with a hooked laparoscopic clamp dur-
ing the connection of the anvil to the circular stapler.
After firing the circular stapler, the donuts are checked
for integrity, and we proceed with closure of the abdom-
inal incisions with PDS 1 (Ethicon, Cincinnati, USA).
Results
Patient Characteristics
We identified a total of 60 patients who underwent TLG;
however, in 13 patients we omitted a jejunal pouch as
the location of the anastomosis would be intrathoracic. A
total of 47 patients had a TLG with a jejunal pouch. The
majority of our patients were male (53 %) and had an
American Society of Anesthesiologists (ASA) score of 2
(62 %). Median age was 66 (28–85) years. Most patients
were diagnosed with advanced gastric cancer (79 %, tu-
mor stage II-III) and underwent neo-adjuvant chemother-
apy with the MAGIC protocol (3) (72 %) (Table 1).
Perioperative Course
Median operation time was 301 (148–454) minutes and
median blood loss was 300 (30–900) milliliters (Table 2).
In five (11 %) procedures, conversion to an open proce-
dure occurred: one due to intra-operative bleeding and
four due to advanced tumors with invasion of surround-
ing structures. EJA leakage occurred in 6/47 (12.8 %)
patients, and 1/47 (2.12 %) had a leak from the pouch
staple line (Table 3). Median length of stay was 11 (6–
70) days, and two (4 %) patients were readmitted. With
our technique, we achieved a radical resection (R0) rate
of 91 % and harvested a median of 19 (range 2–62)
lymph nodes.
Long-Term Outcomes
Themedian follow-up of all patients was 16 (2–75) months. In
the first year following surgery, the bodyweight of the patients
decreased significantly to 87 % of the original weight
(p < 0.001). EJA strictures occurred in 11/44 (25 %) patients,
undergoing a median of three (1–5) dilatations.
Technical Modifications
Throughout the years the following technical modifications
were made:
& Omitt ing the jejunal pouch in case of a high
esophagojejunostomy to prevent tension on the anastomo-
sis which results in a higher risk for anastomotic leakage.
Table 1 Baseline characteristics of 47 patients with jejunal pouch





Age (years) 66 (28–85)






















Harvested lymph nodes 19 (2–62)
Radicality rate (R0) 43 (91 %)
a Tumors were classified according to the American Joint Committee on
Cancer (AJCC/)/TNM system
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& Placement of two stay sutures on the lateral sides of the
esophagus before transection in order to (a) prevent the
esophageal stump to retract in the thorax, (b) control the
placement of the anvil, and (c) guide the esophagus when
performing the anastomosis.
& Placement of a purse-string suture around the anvil to
prevent the esophageal mucosa from slipping away.
With the purse-string suture, a high percentage of com-
plete tissue donuts was achieved.
& To prevent confusion of the purse string and stay sutures,
different material was used after the initial cases.
& Placement of two stay sutures on the blind limb of the
jejunal pouch through which the circular stapler is intro-
duced. These stay sutures enabled us to give counter trac-
tion on the jejunal pouch in order to facilitate correct
placement of the stapler.
& Taking extra caution after unscrewing the distal button of
the circular stapler, since it has the tendency to turn
backwards.
& Making the jejuno-jejunostomy before the esophago-
jejunostomy. In the initial procedures, the jejuno-
jejunostomy was made last. It was then difficult to identify
the duodenal end.
Discussion
A step-wise approach has been described previously for many
procedures , ranging f rom such as laparoscopic
cholecystectomies,25
,26 laparoscopic liver resections,23
pancreaticoduodenectomies,24 and laparoscopic distal
gastrectomy.40 It is a valuable educational tool that can be
used to standardize techniques, and also as a platform for
teaching. TLG has been recognized as a technically demand-
ing procedure, with a learning curve of approximately 45
cases,41 and to our knowledge, this is the first attempt to create
a standardized step by step approach for a D2 TLG with a
jejunal pouch reconstruction.
In the Netherlands, there has been an increased uptake of
MIG in recent years for GC from 7.1 % of all GC surgeries in
2011 to 41 % in 2014.42 This can be partially explained by the
centralization of GC since 2012 and a NationwideMIG course
that has been organized at our institution since 2012. This
course has been recently adopted as an official European
Society of Surgical Oncology Course (ESSO).43 The course
program includes lectures that review the anatomy, operative
technique and perioperative management for MIG, as well as
a hands-on practice. After the course, we offer the possibility
of expert proctoring in some of the first cases, this has been
highly valued by former course attendees, and is one of many
proven strategies to increase the uptake of minimally invasive
surgery.44
–46 We believe that a strategy including a standard-
ized step-wise approach, a well-designed practical course and
expert proctoring have all been vital to increase the uptake of
MIG in the Netherlands, and can be used as an example for
other countries.
Table 3 Cases of anastomotic leakage
No. Surgeon/rank^ Year of Surgery Tumor stage Age ASA Location of the leak Donut Management Clavien-Dindo
1 1/4 2010 IIA 47 2 EJ# Incomplete Surgical IV
2 2/1 2011 IIA 73 2 EJ# Complete Radiological III
3 1/17 2012 IIA 66 3 EJ# Complete Surgical V
4 2/8 2013 IIIB 81 2 EJ # Complete Surgical V
5 2/10 2013 CR 68 1 Pouch Complete Surgical IV
6 2/12 2013 IIB 80 2 EJ# Complete Surgical V
7 2/16 2014 IIIC 47 3 EJ# Incomplete Surgical III
^ Procedure rank per surgeon, # esophagojejunostomy
CR complete response
Table 2 Perioperative results
Variable n/median (%/range)
Operation time (min) 301 (148–454)
Blood loss (ml) 300 (30–900)
Conversions 5 (11)
Postoperative complications 24 (51)
Anastomotic leakage 7 (15)
Pneumonia 7 (15)
Wound infection 2 (4)
Clavien-Dindo
Grade I 1 (2)
Grade II 12 (26)
Grade III 5 (11)
Grade IV 3 (7)
In-hospital mortality 3 (6)
Hospital stay (days) 11 (6–70)
Readmissions <30 days 2 (4)
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The stepwise approach may help guide the surgeon more
easily through the procedure, evaluate of other surgeon’s per-
formance, or be used as a self-evaluation tool. Using these
steps as a framework, a critical intraoperative time analysis
may be performed, pinpointing which steps are more difficult
and time-consuming. We plan on evaluating ourselves, and
other surgeons time to complete the steps, as a way to look
for specific strategies to improve the efficiency of the proce-
dure, surgeon’s technique, calculate appropriate operating
room times and the procedure costs.25
,26
The anastomotic leak rate in our series is similar to the one
found in the literature of 2–11 %;20
,42 however, as we have
gained more experience, our leak rate has decreased, having
only 1/15 (7 %) anastomotic leakage in the last 2 years
(2014/2015). We modified our technique after we had two
(4 %) patients with an incomplete donut after formation of the
esophagojejunostomy, both had the anastomosis reinforced
with additional sutures, nevertheless, they developed a leak.
This prompted us to perform two changes to our technique;
the purse-string suture around the anvil and that in case of an
incomplete donut we now disconnect and re-do the anastomosis
all over again. We considered using a linear stapler for the
anastomosis and believe it to be a fine technique as well, but
we prefer the circular stapler technique because it is more suit-
able in case of a high anastomosis (intrathoracic) requiring
more jejunal length. An additional improvement to our tech-
nique could be the development of a larger (28 mm) stapler, to
reduce the anastomotic stricture rate. Until now, the 25-mm
stapler is the largest available stapler. Our median hospital stay
was 11, which similar to that found in other studies from west-
ern literature that focused only on total gastrectomies;47
,48 how-
ever, we believe the recent adaptation of an ERAS protocol this
median stay can be improved significantly.
We believe in the benefit of performing a jejunal pouch
reconstruction, as there is evidence to suggest that it dimin-
ishes postoperative dumping and increases the patient’s qual-
ity of life in the long term.20
,21 To our knowledge, the only
MIG trial that is including some patients with pouch recon-
struction is the LOGICA trial,13 most of them being patients
from our center. We are in the process of gathering long-term
quality of life date on these patients. However, we highlight
the importance of this technique allows the benefits of the
MIG approach with the jejunal pouch reconstruction.
Conclusion
Laparoscopic total gastrectomywith jejunal pouch reconstruc-
tion demonstrated to be a feasible procedure in a selected
group of patients with good perioperative outcomes for west-
ern patients. Our step-wise approach might help surgeons to
introduce laparoscopic total gastrectomy with jejunal pouch
reconstruction in their center. Additionally this is will create a
framework for us to continue teaching the procedure, and also
evaluate future surgeons learning the procedure.
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